INTRODUCTION

Echium leucophaeum Webb is one of the 14 species of branched shrubs of the genus Echium endemic to the Canary Islands (Lems and Holzapfel 1968
). The species occurs on the four western islands, Tenerife, Gomera, Hierro, and La Palma, between sea level and 800 m. On the latter island particularly dense stands were found near the southern tip below the town of Fuencaliente on coarse volcanic sand. The physiognomy of the plants appeared to vary with altitude (Fig. 1A, B) . The purpose of this study was twofold: first, to develop methods of recording the growth form of woody plants quantitatively: and second, to determine to what extent differences in growth form in Echium at different altitudes are a matter of genetic adaptation and ecotype formation. termined from fresh and ovendry weights. Most of the samples could be classified as sand, with very low clay fractions; only the rocky outcrop area at 500 m had enough silt to fall in the category of sandy loam ( Table 2 ). The sandy loam samples had pH values below 7.0, whereas pH of the volcanic sand varied from 7.2 to 7.9.
ZONATION OF VEGETATION
The town of Fuencaliente (700 m) is on-the lower fringes of the pine woodland (Pinus canariensis). Below, on the slope down to sea level, we found representative species of the subtropical scrub zone rich in succulents (Crassulaceae, Euphorbiaceae, Asclepiadaceae). At each station a list of species was compiled, and species coverage was estimated according -to a scale proposed by Braun-Blanquet (1932) ( Table 3) . Two factors affect the apparent change in species composition. Near 600 m there is more disturbance because of attempts at agriculture (grapes, sweet potatoes) especially on ash fields; this influence extends to about 300 m. The change in climate and the increased salt spray near sea level encourage the presence of halophytes and bring about the shift from a community of Euphorbia regis-jubae, Kleinia neriifolia, and Rumex lunaria to a community dom- inated by Euphorbia balsamifera, Schizogyne sericea, and Astydamia canariensis. In both of these communities Echium leucophaeum plays a dominant or codominant role. Table 3 indicates that a fairly abrupt change occurs between 200 m and 300 m.
MEASUREMENT OF Echium leucophaeum POPULATIONS IN THE FIELD
To evaluate the growth form of plants growing at different elevations in the field, the following components were measured: height, number of branching cycles, average number of lateral shoots on a branch, and periodicity. At each station the first 50 plants encountered in the center of the local population were analyzed.
The method for determining the number of branching cycles in a plant is illustrated in Fig. 2A In a given population of Echium, individuals with a larger number of branching cycles may be assumed to be older than those with small numbers of cycles. We made it a practice to divide the populations into classes according to number of cycles, which may be thought of as an approximation of relative age distribution (Fig. 3) . The populations from 300 to 600 m generally had produced no more than six to eight cycles, but as many as 11 and 14 cycles were encountered from 10 to 200 m elevation. Hence these lowland populations were either older or branched more rapidly.
The height measurements of the eight populations were each plotted against the number of cycles on a given plant (Fig. 4) (Table 4) . In spite of their apparent density, the lowland plants produced fewer shoots than the plants at and above 300 m. Their dense physiognomy is due to the shortness of the branches, causing crowding around the periphery of the plant; at 600 m the plants are lax enough to accommodate more than six new lateral each successive branching cycle. Differences in branch production were subjected to Student t tests, which showed that there are no sig- (Fig. 3) is that no plant with fewer than three branch cycles had reached reproductive age, that plants with three cycles had started flowering and even fruiting in about 50% of the individuals, but that completely vegetative individuals occurred occasionally even in the class with seven branching cycles. The second observation is that members of each population are well synchronized, and that the lowland populations, especially at 10 m above sea level, are ahead of the ones at higher altitude, having progressed to the fruiting stage.
In summary, the growth-form record of Echium leucophaeum in the field can be stated as follows: significant differences exist between populations near sea level and those above 300 m, with respect to height growth rate, lateral branch formation, and periodicity. Populations at 100 m and 200 m resemble the sea-level group. Plants growing in soil pockets on rock at 600 m resemble those on volcanic sand at 400 m.
MEASUREMENTS OF Echium leucophaeum GROWN UNDER UNIFORM CONDITIONS
Seeds were collected from plants near sea level (10 m) and from plants growing in volcanic sand at high altitude (600 m). Growth patterns of 10 seedlings from each group were studied under uniform conditions in an experimental plot at the Santa Ana Botanic Garden in Claremont, California (mean annual temperature 63?F, lat 340 N). Seeds of these adults were then grown under uniform conditions in Maryland for 3 months. Branching and growth trends were indistinguishable for F1 and F2 seedlings. In all populations, branching occurred within 2 months, but height growth was much more rapid in both F1 and F2 seedlings from 600 m than in those from sea level (Fig. 1C, D) . After 9 months of growth, the height and diameter ("spread") of the F1 bushes were measured. Results were compared by means of Student t tests to ascertain whether the observed differences were due to chance (Table 5 ). The growth rates of the two populations are significantly different, the high altitude form producing longer shoots. Apparently, some genetic selection for height growth has been operative. The differences were not as great under uniform conditions as they were in the Canary Islands, so both genetic adaptation and physiological response must play an important role in height growth.
At the end of 9 months most of the F1 plants had (Fig. 3) is all the more surprising because of the widely different ages of the plants in the field. A third aspect of growth form studied in detail was the branching pattern of single individuals from both groups. The method developed for branching-pattern studies resembles that of Nanda (1962) and consists of constructing a complete diagram of the shoot system of the plant (Fig. 2 A, B Table 6 for the plant used as an example in Fig.  2A, B . The plants studied in the experimental plot were much more complicated, and diagrams are not shown, to conserve space. Table 6 lists When the number of branches of a given cycle is divided by the number in the preceding cycle, it becomes apparent that a decline occurred in new shoot production (although the last cycle may be incomplete, since a number of axillary meristems may not have started development). The plant from sea level, grown in the transplant garden, had 370 branches in the penultimate cycle, which was complete at the time of the study; the cycle before had 19 branches, hence branch production averaged 19.5 new branches per old one. The plant from 600 m had 521 branches in the penultimate cycle and 33 before that, for an average of 15.8 new branches per old one. A comparison of the original data by means of a Student t test showed that the difference has a probability between 0.1 and 0.2 of being due to chance, and hence is not significant.
In the Canary Islands, plants at higher elevations produced significantly higher numbers of lateral branches than those near sea level. In the transplant garden this is not so: the sea-level plants produced slightly, but insignificantly, higher numbers of laterals than the high elevation ones. Apparently the difference observed in the field was a matter of physiological response. 
